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Abstract 
The increasing bandwidth needed by the business and residential users has been a challenge in recent years for telecom operators. 
For this reason, optical fiber became a candidate to access networks, allowing high transmission rates when compared with 
copper cable and coaxial cable or even with wireless communication systems. Optical fibers can exist in different materials: glass 
optical fiber (GOF) and plastic optical fiber (POF). 
The aim of this paper is to study the use of POF in access network using a simulation software. Two scenarios were taken into 
account: the first is an implementation of a Gigabit Passive Optical Network (GPON) with GOF and POF and the second 
scenario consists on the analysis of the performance of POF in an environment where GPON and 10G-PON coexists on the same 
optical distribution network (ODN). It was observed that POF can be used in access networks but it is only feasible when the 
ODN attenuation is around 15 dB. 
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1. Introduction 
Access networks faced several challenges in recent years. One of these challenges is the convergence of voice, 
data and television (TV) on the same physical infrastructure [1]. Moreover, the explosive growth of broadband 
multimedia applications, such as high-definition television (HDTV), video on demand (VoD) and interactive games 
imposed a huge demand for bandwidth on the access network [2]. For that reason, copper and coaxial cable had 
shown some limitations in recent years, particularly in the potential for evolution in order to satisfy user’s needs [1]. 
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Fortunately, researchers and equipment providers have found some good solutions and in the last few years 
newly developed PF-GI-POF (Perfluorinated Graded-Index Plastic Optical Fiber) has been demonstrated that can be 
used to provide high transmission rates with a minor investment [2].  
The purpose of this work is to study the viability of the application of POF in access network ensuring the 
minimum requirements specified by the standards of PON technologies. In order for this to happen, it was used a 
program called VPIphotonicsTM [3] to simulate an access network with different types of fibers. Two scenarios were 
taken into account: the first one is an implementation of a GPON network with multiple users and the second 
scenario consists on the analysis of the performance of POF in an environment where GPON and 10G-PON coexists 
on the same ODN [1]. 
 
2. Optical fibers 
Optical fiber has an important part in telecommunications industry nowadays. They can exist in different 
materials: glass optical fiber (GOF) and plastic optical fiber (POF). 
As shown in Fig. 1 GOF is used in telecommunications window wavelength (1310, 1490 and 1550 nm) while the 
POF operates in the visible spectrum. However we have been observed in last few years that new developments 
have been made in order to have reasonable attenuations in the wavelength window used in telecommunications. 
This can be done by using the most advanced POF at the moment (Fontex) that is made of perfluorinated polymer 
(PF). 
 
Fig. 1. Operating wavelength of POF and GOF 
GOF have low attenuation allowing long-distance transmission but are fragile. Currently POF have a higher 
attenuation when compared with GOF but is more flexible and robust. Table 1 shows the characteristics of the fibers 
that were used in practice for simulation. 
Table 1. Attenuation of fibers used in practice. 
 G.651 Clearcurve 
G.657 
Clearcurve Fontex 
Type MM-GOF SM-GOF PF-GI-POF 
Manufacturer Corning Corning Asahi Glass 
Core diameter [μm] 50 8,2 120 
Attenuation @ 1310 nm [dB/km] 0,6 0,35 18 
Attenuation @ 1490 nm [dB/km] 0,4 0,24 120 
As shown in Table 1, two GOFs models from Corning and one POF from Asahi Glass were chosen for test and 
comparison. These GOF fibers with the designation of ClearCurve are fibers specially developed by Corning for 
access networks with low attenuation due to curvatures. 
In this work it is considered the best POF of the market which is produced by Asahi Glass, called Fontex. The 
manufacturer claims that Fontex can support 40 Gbps for a maximum distance of 100 meters at lab test (using 
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DQPSK and OOK modulation at 1550 nm) [4]. Fig. 2 shows the change of the attenuation with the wavelength. 
Green dots in the graphic indicate the values of wavelength that are typically used on passive optical technologies. 
 
Fig. 2. POF Fontex attenuation. 
3. Access Networks 
Several different wireline and wireless technologies have been used in access networks. Fig. 3 shows the 
evolution of technologies for copper cable, coaxial cable and optical fiber. 
Due to residential customer requests for high-speed communication, video, high definition multimedia 
capabilities, on-line interaction and peer-to-peer file transfer, the development and need for optical access 
technologies are growing. Fiber access network technologies are well suited to meet these requests. A network 
architecture based on Passive Optical Network (PON) technologies is elaborated along with options for different 
multiple access techniques [5]. 
 
Fig. 3. Evolution of fixed access network technologies. 
A PON is a point-to-multipoint optical network. It consists of an Optical Line Terminator (OLT) located at the 
Central Office (CO) and a group of Optical Network Units (ONUs) at remote nodes located at the customer's 
premise. The connection between the OLT and ONUs is realized by a single fiber and the use of one or more optical 
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splitters. The network between the OLT and the ONUs is passive, meaning that it doesn't require any power supply 
[5]. 
As Fig. 3 shows, there are several alternative PON implementation schemes. The three primary ones are 
broadband PON (BPON), Ethernet PON (EPON), and gigabit PON (GPON) [6]. Currently researchers and 
equipment providers are developing WDM-PON technologies, which use wavelength division multiplexing 
technique allowing bitrates around 40 Gbps. The application of PON technology for providing broadband 
connectivity in the access network to homes and small businesses is commonly called fiber-to-the-x (FTTx). Here x 
is a letter indicating how close the fiber endpoint comes to the actual user [6]. In this paper the main focus will be 
the fiber-to-the-premisses (FTTP), which represents the fiber-to-the-home (FTTH) and fiber-to-the-building 
(FTTB). 
4. Simulation of an access network with POF 
In this study, GPON (ITU-T G.984) system was used to simulate an optical access network with POF in last mile. 
In the simulation, we considered each of the "triple play" services: voice, data, and video services. All these services 
can be treated as one simulation entity since that nowadays can run all over IP. 
Table 2 shows some of the most important parameters about GPON technology and which were used for 
simulation in VPI. 
                                         Table 2. Parameters of GPON used in practice. 
GPON parameters 
Max. Bitrate 2,5 Gbps/1,25 Gbps 
DS Wavelength 1490 nm 
US Wavelength 1310 nm 
Line coding NRZ 
Extinction ratio 15 dB 
Average launched power OLT 1,5 – 5 dB 
Average launched power ONT 0,5 – 5 dB 
Splitter 1:8 loss 10,2 dB 
WDM coupler insertion loss 0,8 dB 
Class of optics B+ 
Two scenarios were taken into account: the first is an implementation of a GPON with GOF and POF. The 
second scenario consists on the analysis of the performance of POF in an environment where GPON and 10G-PON 
coexists on the same optical distribution network (ODN). The two most important criteria of successful signal 
transmission in the GPON system are the attenuation between OLT and ONT and BER (Bit error rate). GPON 
standard defines a minimum value for BER which is 10-10. Since that the optics class is B+ the overall signal 
attenuation in the ODN must not be greater than 28 dB. The optical power budget analysis is common for both 
scenarios since that all the passive components used in the ODN are the same. 
4.1. First scenario – GPON with POF and GOF 
In the first scenario was simulated a GPON network with three user’s. Common bitrate of GPON is 2,5 Gbps in 
downstream and 1,25 Gbps in upstream. Each user has a different type of fiber, and the fibers that were used are 
shown in Table 1. The purpose of this scenario is to analyze and compare the performance of POF and verify the 
maximum distance we can achieve in these conditions. Fig. 4 shows the diagram of the first scenario. 
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Fig. 4. First scenario – GPON with POF. 
By measuring the received optical signal in both ONT and OLT it was possible to determine the BER and adjust 
the POF length in order to meet the minimum value of BER imposed by GPON standard. For this given scenario a 
maximum length of 115 meters was possible to achieve with POF with class B+ optics, ensuring the minimum BER 
value permitted by GPON. The BER value observed in the ONT was 2,3 x 10-12 and in the OLT was 0 using POF 
Fontex. As we can see in Fig. 5 a) the electrical signal in the ONT is good enough to be detected but is operating on 
its limits. On the other hand, Fig. 5 b) shows the electrical signal received in the OLT which is much better when 
compared with the downstream signal. 
 
Fig. 5. a) Received signal in ONT (@1490 nm); b) Received signal in OLT (@1310 nm); 
As we can see in Fig. 6, for a small variation of the distance of POF a wide change in the value of BER happens 
at 1490 nm. This occurs because the POF Fontex has a high attenuation at 1490 nm (120 dB/km). 
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Fig. 6. BER vs POF length (first scenario). 
4.2. Second scenario – Coexistence of 10G-PON and GPON with POF 
The aim of the second scenario is to determine the maximum reach with POF when GPON and 10G-PON (ITU-T 
G.987) coexists in the same ODN. A 10-GPON system is added on an existing GPON network using a WDM 
multiplexer, as shown in Fig. 7. The elements of the 10G-PON transmitter and receiver are the same as for GPON, 
but with different parameter values.  
 
Fig. 7. Second scenario – Coexistence of 10G-PON and GPON with POF. 
The intend of this scenario is to verify the performance of POF with higher bitrates, since 10G-PON technology 
works at 10 Gbps in both directions. Fig. 8 shows the schematic of the implementation in simulation software VPI. 
 
 
Fig. 8. Second scenario – Implementation in VPI. 
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Two different ONTs were used in simulation, one to each PON technology. The maximum POF length obtained 
in the ONT that was using 10G-PON was 40 meters with a BER of 1,94 x 10-10 in the downstream direction (1525 
nm). However in the upstream direction, for the same distance of POF the value of BER is 5,22 x 10-150. This 
happens because the attenuation at 1310 nm is about 100 dB/km lesser. The obtained results are shown in Fig. 9. As 
we can see once again the electric signal obtained in both ONT and OLT shows that the system is operating at the 
limits of its capabilities in order to correctly detect the received signals. 
 
Fig. 9. a) Received signal in ONT (@1490 nm); b) Received signal in OLT (@1310 nm); 
5. Conclusion 
Taking into account this study and the obtained results, it is concluded that POF it is only feasible in access 
network when the attenuation on the ODN is around 15 dB. This value represents the total loss allowed in ODN 
before reaching the POF. Taking into consideration GPON technology and class B+ optics it was possible to 
transmit data to a end-user at 8 km far from central office with a 1:8 splitter using a maximum POF length of 115 
meters in access network. For 10G-PON technology, a length of 40 meters was obtained in the last mile with POF 
and with the same conditions that were used on the first scenario. The results that were obtained in both scenarios 
indicates that the main limitation of POF for this type of application is the high attenuation at 1490 – 1550 nm, even 
taking into account the best model in the market which is the POF Fontex produced by Asahi Glass. However, the 
implementation of POF in access networks may have a major preponderance in case of new developments with the 
materials in order to obtain lower attenuations in the wavelength window used in telecommunications.  
Between the fibers that were tested in the first scenario, it is concluded that the best option for installation in 
access networks and FTTH services is the fiber G.657 ClearCurve produced by Corning, since that not only has a 
low attenuation in the telecommunication wavelength window but also has low losses due to curvatures. 
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